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© Design system for VLSI chips arranged on a carrier and module thus designed. 



© A system design for VLSI chips (1,2) arranged 
on a carrier (3) and the module thus designed is 
described. In a top-down design system synoptically 
and simultaneously an electrical circuitry is opti- 
mized by designing synoptically the chips and the 
chip carrier. The overall logic is divided in partitions 
which fit on chips. A chip placement on the carrier is 
performed considering minimum overall connection 
length and providing preferably parallel connection. 
InpuVOutput contacts (121 to 221, 131 to 231, 141 to 
241) are assigned on chips vis-a-vis each other 



when they correspond. They are connected by par- 
allel lines. The design of the several chips is done 
from outside to inside, starting with the assigned I/O 
contacts. Overall, in combining optimum overall de- 
sign and optimum chip design, a semiconductor thin 
film silicon multichip module of high yield and per- 
formance is provided. As carrier (3) that is included 
in the design from the beginning, preferably a thin 
film passive silicon carrier is used. 



Lfl 
CO 

5 



GL 
LU 



Zl XZJ m r — i j— i- 



,j €s3 CZ> 

245 1 Z2V '225 1 215 

□ nfy 




-en jziagc: 



-G3 en E3 

115' 



-cp 1=1 

iW' ... 



-cz3 cd c:d 



^ 3 ^^ Jf.„ 7 T^ =J^3, 




FIG. 1 



1 



EP 0 417 345 A1 



2 



( The invention relates to a design system for 
electrical circuitry contained on very large scale 
integrated (VLSI) semiconductor chips that are 
packaged on a carrier medium of a higher package 
level containing the necessary connection lines, 
and a module especially designed in accordance 
with this design system. 

The design of chips and the design of pack- 
ages carrying the chips up to now has been almost 
independent from each other. First the chips go 
through physical design. They are optimized just to 
the chip optimum. After the chip design has been 
finished the design of the chip interconnect me- 
dium that means the carrier could be started. This 
carrier could be multichip module or a card. 

The result than ultimately is a complex wiring 
on the chip carrier. This causes wiring congestions 
and long wires. Those long wires are responsible 
for considerable interconnect delay. 

This design concept is good enough to yield 
optimized chips and to yield optimized cards, but it 
is by far not good enough to yield an optimized 
product, that means the optimum for the combina- 
tion of both. 

For the physical VLSI-chip design a method is 
known that divides in a hierarchical top-down de- 
sign methodology the circuitry that is to be con- 
tained on the chip logically into partitions that are 
manageable by the present automatic design sys- 
tems and programs. This method is described in 
the European patent application 86 117 601.4. In 
accordance with that known method on the chip 
global wiring connection lines are from the begin- 
ning included into the design of the different in- 
dividual partitions of the chip and there in those 
partitions they are treated in the same way as 
circuits in that specific area. The different partitions 
can now be designed in parallel. A floor plan is 
established that gives the different partitions a 
shape in such a way that they fit together without 
leaving any space between the different individual 
partitions. 

These known method for the physical VLSI- 
chip design concentrates on the design of the chip 
itself. It does not take, into account or into consider- 
ation the design of the carrier onto which it is to be 
placed or the design of neighbouring chips that 
have to cooperate with it. 

It is the object of the present invention to 
provide a design system in which from the begin- 
ning all electrical circuitry that cooperates in one 
functional unit and that needs more space than just 
one single chip, is designed in optimal manner for 
shortest overall connection line length and opti- 
mized overall yield. Furthermore it is an object of 
the design system of the present invention to pro- 
vide an optimized product, including an optimized 
chip and an optimized carrier in that sense that 



both together in a combination provide in combina- 
tion the optimum. 

In accordance with the present invention these 
objects are obtained by a design system as laid 
5 down in claim 1 of the present invention. 

In advantageous manner this design system 
integrates the very large scale integration package 
into the design system already at the initial stage 
so that the chip boundaries are more or less sup- 
w pressed and the partition task is alleviated. In an 
synoptical manner from the beginning the chips 
and their carrier together are considered in contain- 
ing the functional unit formed by the electric cir- 
cuitry. Overall less length of connection lines are 
is possible and also parallel signal transportation on a 
sort of wider buses is possible over parallel con- 
nection lines via the carrier medium that is incor- 
porated into the design from the beginning. 

In accordance with a preferred embodiment of 
20 the present invention, time-critical paths of the 
electrical circuitry are provided on one single chip 
wherever possible. Furthermore as carrier medium 
of a higher package level preferably a passive 
silicon carrier PSC is provided that contains the 
25 necessary connecting lines for the chips arranged 
on it. In principal also other carrier means as there 
are cards or multilayer ceramic modules or mul- 
tilayer glass modules are possible to be used as a 
second level carrier medium for the chips. Further 
30 advantageous embodiments are laid down in the 
dependent subclaims. 

In accordance with a further advantageous em- 
bodiment of the present invention a semiconductor 
thin film silicium multi chip module in accordance 
35 with claim 7 is provided. Further embodiments of 
this module are contained in the subclaims 8 to 12. 

In connection with the following more specific 
description of the invention and its different aspects 
embodiments are described in connection with the 
40 drawing. In the drawing there is shown in 

Fig. 1 is top view and cross sectional side view 
schematically the arrangement and connection 
of sections of two chips on a section of a 
passive silicon carrier; 
45 Fig. 2 schematically two chips adjacent to each 
other with associately ordered Input/output sig- 
nal contacts vis-a-vis each other; 
Fig. 3 a chip with partitions on it close to as- 
sociately assigned input/output contacts; 
so Fig. 4 a chip foot print with contact pads ar- 
ranged on it belonging to a section of a chip; 
Fig. 5 schematically the data flow of a multichip 
processor in arrangement and preparation for 
the synoptical design .in accordance with the 
55 present invention; 

Fig. 6 schematically in a top view the arrange- 
ment of several multi chip processors parallel to 
each other on a passive silicon carrier and the 
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main connection buses running over the PSC. 

Fig. 1 shows a section of two chips 1 and 2 
that are provided on a section of a carrier medium 
3. The upper part of Fig. 1 shows this arrangement 
in top view whereas the lower part shows the 
arrangement in a cross sectional side view. In this 
side view it is indicated, that chip 1 and 2 are 
connected by means of solder bails 4 with the 
carrier medium 3. 

The carrier medium 3 shown in Fig. 1 is a 
passive silicon carrier (PSC) that is.performed in 
silicon thin film technology. The PSC essentially 
consists of a substrate 5 on which three metal 
layers M1 , M2 and M3 as well as solder pads 9 are 
arranged. By those solder pads 9 the connection 
by means of solder balls 4 is generated to the 
chips 1 and 2. 

In the metal layer M1 there are provided the 
power lines with lines 6 that lead ground potential 
and line 7 that carry the voltage. By dotted lines 8 
around the areas of the power voltage lines 7 there 
are provided capacitors for decoupling purposes. 
Those could be provided by an n+ doped area 
within a p + substrate 5. Above the first plane M1 , 
the metal plane 1 which carries the power lines, 
there is in a second plane M2 provided a set of 
signal lines S2. Orthogonally arranged thereto is in 
a third plane above plane M2 a further metal plane 
M3 in which there are arranged signal lines S3. 
Between the two planes M2 and M3 there are 
provided vias V23 that connect certain lines in both 
planes. The signal lines S2 in plane M2 are essen- 
tially parallel to each other and also the signal lines 
S3 in plane M3 are essentially parallel to each 
other but orthogonally arranged with respect to the 
parallel signal lines S2 of plane M2. 

The upper part of Fig. 1 shows in the top view 
on each chip four rows of contact pads that are 
parallel to each other. They are arranged in the 
input/output port area of each chip adjacent to the 
chip edge. The outer most row 111 to 1 1 n of chip 
1 and 211 to 21 n of chip 2, which both only form a 
section of the whole pads along the chip edges, 
are power connections that carry alternatively 
ground or voltage, indicated by the minus or plus 
sign. To the inner of each chip there are provided 
three parallel lines of signal pads 121 to 12n, 131 
to 13n and 141 to 14n on chip 1 and 221 to 22n, 
231 to 23n and 241 -to 24n on chip 2. As can be 
seen on Fig. 1, signal pad 121 is connected with 
signal pad 221 by line 21, signal pad 122 is con- 
nected to signal pad 222 by line 22 and for exam- 
ple signal pad 132 is connected by line 32 with 
signal pad 232 and signal pad 142 of chip 1 is 
connected with signal pad 242 of chip 2 by line 42. 
Also for example power pad 111 is connected by 
line 11 with power pad 211 and for example power 
pad 115 is connected by line 15 with power pad 



215. All the connecting lines are parallel to each 
other and connect the associated pads on the 
shortest possible way. 

In accordance with the design system of the 

5 present invention for gaining an optimal shorter 
length of the overall length of the connection lines, 
for example 21. 22, 32, 42 etc. and for improving 
the overall performance of the finally designed 
product, in the designing process the complete 

w electrical circuitry, that means the system logic or 
functional unit, is looked at and considered synopti- 
cally. In this synoptical design system the com- 
plete circuitry is divided, is partitioned and is 
placed then on the different semiconductor chips 

75 and simultaneously on the carrier medium 3. This 
dividing, partitioning and placing is preferably done 
in a top-down methodology in which each chip of 
said plurality of chips and the package, that means 
. the chips arranged on the carrier, are optimized as 

20 a whole, or with other words in a combination. In 
this overall process of synoptically designing the 
given electrical circuitry, a minimal number and a 
minimal length of connection lines between the 
chips is provided. Furthermore a minimal number 

25 of input/output contacts between the chips are pro- 
vided. Furthermore it is preferable to concentrate 
time-critical paths on one single chip wherever that 
is possible. 

A further very important feature of the synopti- 

30 cal design system of the present invention is the 
input/output ordering on adjacent chips. Corre- 
sponding l/O's of different chips are arranged vis-a- 
vis to each other. In Fig. 1 there is shown, that the 
signal pads 121 of chip 1 and 221 of chip 2 are 

35 opposite to each other. In the same way the signal 
pad 121 up to 12n of chip 1 is opposite to pads 
221 up to 22n of chip 2. The same is true for the 
row 131 up to 13n opposite to 231 to 23n and the 
row signal pads 141 to 14n of chip 1 opposite to 

40 the signal row 241 to 24n of chip 2. 

The same feature is shown schematically in the 
representation of Fig. 2 wherein the data pads AO 
to An of chip 1x are arranged opposite those de- 
nominated with AO to An of adjacent chip 2x. By 

45 this structuring of the input/output contacts vis-a-vis 
each other the shortest possible connection be- 
tween two adjacent chips can be reached. Further- 
more all the connection lines are parallel to each 
other and provided in the carrier 3 as shown in Fig. 

50 1. There that signal plane that is closest to the 
chips is preferably used, i.e. in the shown embodi- 
ment by signal lines S3 in plane M3. The connec- 
tion of the associated pads is thus the shortest 
possible. 

55 A further important aspect of the synoptical 
design system in accordance with the present in- 
vention is that circuits belonging to associated cer- 
tain input/output contacts are arranged in partitions 
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of the respective chip as close to the associated 
l/O's as possible. To that end in Fig. 3 the chip 
partitioning is shown as a function of the I/O as- 
signment So for example in chip 3x there are 
provided l/O's CO to Cn at the lower edge of chip 
3x that are associated with partition 50. Than there 
is a further partition 60 which is associated and 
belonging to the l/O's pads DO to Dn. This partition 
60 with the associated I/O is arranged on the right 
hand side of chip 3x. On the left hand edge there 
is shown as example a third partition 70 with asso- 
ciated input/output pads E0 to En. 

The scheme shown in Fig. 3 makes clear an 
other important aspect of the present invention 
namely that it is essential to design the single 
chips more or less from the outside to the inner 
part of the chip. That means that after the I/O 
assignment in the input/output port areas of the 
chips starting from there to the inner of the chip 
the design is performed. Here than only the chip 
design is performed in so far as only connections 
and circuits within the chip are concerned. The 
electric circuits within a chip are arranged in con- 
sidering the input/output pads and necessities that 
are provided in the circumferential areas of said 
specific chip. 

In accordance with the synoptical design sys- 
tem of the present invention the chips are arranged 
on the carrier in such a way that between the chips 
on the carrier the shortest connection lines are 
possible and also in such a way that the overall 
length needed for all connection lines is as short as 
possible. Depending on the kind of carrier used it 
might be advisably to provide the connection lines 
predominantly in a certain plane, i.e. in M3 of PSC 
3. 

In the synoptical top-down design of the 
present invention advantageously the following 
main steps are performed: 

The logic design, electrical circuitry or func- 
tional unit to be designed is divided in partitions 
that fit on several chips. In doing that chip size and 
time-critical paths are considered. Having done 
this, the placement of these chips on the carrier is 
performed. In doing this minimum wiring length 
and again timing requirements are observed and 
decisive factors. Furthermore a preferred routing 
direction of the wiring might be preferred so that 
the mass of wiring is placed in a single signal line 
plane. In the designing according to the invention, 
the next main step is the I/O contact pad assign- 
ment in vis-a-vis ordering on the chips to generate 
shortest possible connections and/or best timing. In 
doing the I/O assigning it is preferable to start with 
the widest buses and go down stepwise up to 
single lines. 

This process of synoptical top-down design 
can be iterated several times to reach a finally 



optimal result. 

By taking into account all the precedingly stat- 
ed important aspects of the synoptical top down 
design system of chips on carrier an optimal prod- 
5 uct is conceived. 

By using a passive silicon carrier as shown in 
Fig. 1 it is possible to design a semiconductor thin 
film multichip module of an excellent overall perfor- 
mance with high yield. 

w In connecting chips to the passive silicon car- 
rier provided in thin film silicon technology the 
chips are fixed to the carrier by the so-called flip 
chip technique by means of soldering technique 
using solder balls. There, the so-called M C4" tech- 

rs nique is used, that means that a collapse controlled 
chip connection is provided by soldering balls. The 
area around the chip as already shown in Rg. 1 is 
preferably used for the input/output pads. The Fig. 
4 shows beside those three lines of signal 

20 input/output pads in the same way as Fig. 1 the 
power pads as the outer most line of contact pads. 
Within the area of the three lines of signal pads 
there is plenty of room for further contact pads that 
are used predominantly for power connections with 

25 ground and voltage lines. Those are indicated by 
plus and minus signes in that section of chip which 
is shown in the schematic top view of a quarter of 
a chip of Fig. 4. It is easy possible to have about 
2500 contact pads on a chip. 

$0 The design system in accordance with the 
present invention can be used for designing chips 
that are applicable in data processing, in commu- 
nication and in automotive technique as well as 
certainly in still further applications where high den- 

35 sity electrical functional units are to be applied. 

In connection with Rg. 5 one possible applica- 
tion for the present invention is shown in connec- 
tion with a multichip processor that encompasses 
five chips. In Fig. 5 the data flow of the multichip 

40 processor is prepared for synoptical design. 

The multichip processor shown in Fig. 5 is 
connected to the system memory bus 51, 52 by 
means of the basic storage module bus 53 and 54. 
Bus 53 is connected to the left hand I/O port area 

45 5L21 of a first storage chip L21 . Likewise bus 54 is 
connected to an I/O port 5L22 of a second storage 
chip L22. On the right hand side storage chip L21 
has an I/O port 6L21 that is connected by a line 55 
to the I/O port area 5L1 of*a further storage chip 

so L1 . Likewise from the right hand side I/O port area 
6L22 of storage L22 a connection line 56 leads to 
the I/O port area 5L1 of chip L1 . 

The two storage chips L21 and L22 might have 
a storage capacity of 128 kB .each and be relatively 

55 slow, whereas chip L1 might have a capacity of 
only 64 kB but is a fast cash chip for example. The 
right hand side of the fast cash chip L1 has an I/O 
port area 6L1 which is connected via line 57 and 
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via line 58 with left hand I/O port area 5PU of a 
processor unit chip PU. This chip PU has also a 
right hand I/O port area 6PU which is connected 
via line 59 with a left hand I/O port area 5ES of a 
further chip E/S. This chip E/S can be an engineer- 
ing and scientific processor unit chip. As can be 
seen from the drawing, chip L1 is furthermore 
connected via line 501 with chip PU and chip E/S, 

The indication "8B" and "4B" along the dif- 
ferent lines 53, 54, 55, 56, 57, 58, 59, 501 indicate 
the width of the connection. That means that for 
example line 55 has the width of 8 Byte that means 
that there are 8 times 9 physical connection lines 
necessary to form line 55. On the other hand there 
have to be in the I/O port area 6L1 as well as in the 
I/O port area 5L1 on each side 144 connection 
pads. The lines 58 and 501 are 4 Bytes wide, that 
means that 36 physical lines have to be provided in 
the carrier medium and corresponding 36 I/O con- 
tact pads have to be provided on both ends of this 
lines that means in the other chips L1, PU, E/S, for 
line 501 and in the I/O port areas 6L1 and of chip 
L1 and 5PU of chip PU. All those lines with the 4B 
or 8B indication aside it are merly signal lines. 

Fig. 6 shows schematically the assembling and 
the wiring of several multichip processors arranged 
in parallel on a carrier 3, preferably a thin film 
passive silicon carrier. In the upper row of Fig. 6 
there are shown from left to right chip L21, L22, L1, 
PU and E/S. The sixth position to the right is 
empty. As can be seen from Fig.6, between the 
chips there is a slight distance but not very far. 
This distance is provided so that the chips could 
be removed from carrier 3 in case of malfunction. 
The thick lines between the chips represent again 
the connections. So they are designated with the 
same numbers as in the data flow representation of 
Fig. 5. The thick circles represent a connection 
between the chip and the underlaying carrier 3. So 
for example line 55 represents the 8 Byte wide 
connection between chip L21 and chip L1 crossing 
underneath chip L22. Line 56 connects chip L22 
and chip L1 and represents also an 8 Byte wide 
connection with 72 physical lines that run from chip 
L22 down to carrier 3 and up again to chip L1 , on 
each side in adjacent I/O port areas. Parallel to the 
processor in the first upper line there are provided 
5 more or less identical processors in line two to 
six below. On the right hand side in the third and 
fourth line there are provided additional chips. 
There is provided in the third line chip MBA as a 
memory bus adapter chip and below that one there 
is provided an I/O chip for controlling the 
Input/Output channals of the assembly 

As furthermore can be seen from Fig. 6 in the 
edge area on all four edges of carrier 3 there are 
provided contact bumps 601 that connect the car- 
rier 3 with its contained chips with the outside. This 



outside might be a simple card or another simple 
carrier which is not shown in Fig. 6. 

Fig. 6 shows that the chips placed on carrier 3 
are connected among each other by two-dimen- 

5 sional lines. Those lines predominantly are placed 
in only one metal plane. Those are the lines run- 
ning from left to right. The other vertical lines are in 
the second metal plane for the other signal lines. 
This scheme used in reaching an arrangement 

70 as shown in Fig. 6 allows that the wiring in the 
passive silicon carrier 3 is done very completely in 
one layer of metal, only, preferably metal layer 3 
M3. Only a few wire crossing is required to go to 
the second plane of signal layers metal layer M2. 

75 This scheme helps a lot to reduce the wire capac- 
ity and to increase the yield. As only a few under 
paths are on M2 whereas most wires are parallel 
on M3. 

20 

Claims 

1. Design system for electrical circuitry contained 
on 

25 very large scale integrated semiconductor chips (1, 

2, 1X, 2X, 3X) that are packaged on a carrier 
medium (3) of a higher package level containing 
the necessary connection lines (S1, S2, V23) 

the improvement comprising: 
30 for gaining an optimal shortening of the overall 
length of connection lines, and 
for improving the overall performance, 
in the designing process 

a) the complete electrical circuitry is looked at 
35 and considered synoptically; 

b) said circuitry is divided, partitioned and 
placed such on the different semiconductor 
chips and simultaneously on said carrier me- 
dium that 

40 c) a minimal number and a minimal length of 
connection lines between chips is provided; 

d) a minimal number of Input/Output contacts 
(l/O's) (111 to 11n. 121 to 12n, 131 to 13n, 141 
to 14n; 211 to 21 n, 221 to 22n, 231 to 23n, 241 

45 to 24n) between chips are provided; 

e) corresponding l/O's (AO to AO, A1 to A1, An 
to An; 121 to 221, 131 to 231, 141 to 241) of 
different chips (1X, 2X, 1, 2) are arranged vis-a- 
vis each other; 

so f) circuits belonging to and associated with cer- 
tain l/O's (CO to Cn, DO to Dn, EO to En) are 
arranged in partitions (50. 60, 70) of the respec- 
tive chip (3x) or chips as close to said l/O's as 
possible; 

65 g) the electric circuits within a chip are arranged 
in considering the l/O f s that are provided at the 
circumferential areas of said chip, and 
h) said chips are arranged on said carrier me- 
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dium of the next higher package level such that 
shortest connection lines between the carried 
chips and overall are provided. 

2. Design system as in claim 1 , wherein 

time-critical paths of the electrical circuitry are pro- 5. 
vided on one single chip wherever possible. 

3. Design system as in claim 1 or 2, wherein 

as said carrier medium of a higher package level a 
passive silicon carrier (3) is provided containing the 
necessary connecting lines (S2, S3, V23) for the 10 
chips arranged on it. 

4. Design system as in claim 3, wherein 

said passive silicon carrier (3) is provided in thin 
film technology containing essentially power lines 
(6, 7) in a first plane (metal layer 1, M1), a first set 75 
of signal lines (S2) in a second plane (metal layer 
2, M2), a second set of signal lines (S3) in a third 
plane (metal layer 3, M3), said first and said sec- 
ond sets of signal lines (S2, S3) arranged essen- 
tially orthogonally to each other, and vias (V23) for 20 
connecting at appropriate locations a signal line of 
said first set (S2) with a signal line of said second 
set (S3). 

5. Design system as in anyone of claims 1 to 4. 
wherein 25 
in top-down methodology simultaneously each chip 

of said plurality of chips and said package 

- given by ail chips arranged on the carrier medium 

- are optimized. 

6. Design system as in claim 5 or in any preceding 30 
claim, wherein 

Input/Output contact pads (AO to An) are placed in 
the I/O port area and parallel connections from chip 
(1X) to chip (2X) are provided (Fig.2). 

7. Semiconductor thin film multichip module 35 
containing a plurality of semiconductor chips on a 
semiconductor, preferably silicon, carrier for provid- 
ing chip to chip connection, 

designed especially in accordance with the design 
system of anyone of claim 1 to 6, 40 
characterized in that 

a) corresponding Input/Output contacts (l/O's) of 
different chips are arranged opposite to each 
other, 

b) said corresponding l/O's are connected by 45 
parallel lines via the semiconductor carrier, and 

c) signal l/O's are arranged preferably in circum- 
ferential edge areas of the chip. 

8. Semiconductor thin film multichip module as in 
claim 7, wherein 50 
said chip or chips are provided with contact pads 
more or less on the complete chip surface. 

9. Semiconductor thin film multichip module as in 
claim 8, wherein 

the outermost row of contact pads contains power 55 
contacts, 

and the next coming rows (for example three) to- 
ward the center of the chip are provided as signal 



I/O contact pads. 

10. Semiconductor thin film multichip module as in 
claim 9, wherein 

all contact pads within the outer circumferential 
rows of signal l/O's contact pads are provided as 
power contact pads either for ground or voltage. 

1 1 . Semiconductor thin film multichip module as in 
claim 8, 9 or 10, wherein 

each physical line that connects signal l/O's con- 
tact pads is provided with shielding physical lines 
formed by power lines (ground or voltage), espe- 
cially upon direct chip to chip connection. 

12. Semiconductor thin film multichip module as in 
claim 1 1 , wherein 

upon direct chip to chip connection of adjacent 
chips the latter do not contain I/O driver/receiver 
circuits in the related I/O port areas. 
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